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Summary and purpose of document

This document 1) describes the response of the Meteorological Service of Canada to the Fukushima Daiichi NPP accident and the support provided to the Government of Canada, the International Atomic Energy Agency as well as the Comprehensive Test Ban Treaty Organization; 2) identifies a number of challenges and lessons learned; 3) invites the meeting to decide on recommendations. 
Action Proposed
The Meeting is invited to discuss the paper and decide on recommendations to improve the response / products in the future. 
1. Introduction
The Meteorological Service of Canada (MSC) hosts at its Canadian Meteorological Centre (CMC) a WMO Regional Specialized Meteorology Centre (RSMC Montreal) for the provision of atmospheric transport modeling following the release of radioactive material into the atmosphere. We present here a summary of the national and international support provided by MSC following the Fukushima Daiichi NPP accident. 
In what follows, ‘’RSMC Montreal’’ is used to refer to the international mandate, as defined in the WMO Manual on the GDPFS. ‘’Canadian Meteorological Centre’’ is used to refer to the national mandate and support within Canada. In practice, the work for both mandates is done by the same staff.    

2. Response of the Meteorological Service of Canada
Canadian Government requests: The Government of Canada’s Federal Emergency Response Plan, lead by Public Safety Canada, was activated on 14 March 20111. In this plan, Health Canada has the lead for nuclear emergencies as covered in the Federal Nuclear Emergency portion of the Plan.  The MSC / CMC provided atmospheric transport modelling guidance as well as weather forecasts and other meteorological information.  The CMC responded to 20 requests for atmospheric transport modelling from Health Canada for Fukushima between 11 March and 22 March 2011. 

Early in the response, it became apparent that the needs of Health Canada for daily updates in atmospheric transport modeling could be answered to a large degree by automated runs based on default release parameters. These runs were set up by the informatics specialists of CMC and results posted on a password protected web site. New products we develop as well to support Health Canada’s needs (e.g. cumulative time integrated surface concentrations in Bq∙h/m3 to assist with dose calculations, ‘’time of arrival’’ products and modelling results in GIS compatible format (shapefile)). See Annex 1.   

The automated runs were beneficial to all parties involved in the response: they reduced significantly the number of requests for atmospheric transport modelling runs while at the same time answering the needs of Health Canada in assessing the situation. 

The CMC also produced until 19 April 2011 a daily synopsis as well as 5-day forecasts for Japan. This information was included in the daily report produced by Health Canada along with estimates of source terms, dose calculations, possible worse case scenarios, etc.  Various Government of Canada Departments and Agencies used the reports, in particular Public Safety Canada and Foreign Affairs and International Trade Canada. The information used to provide advice to the Canadian embassy staff in Tokyo as well as Canadians in Japan and abroad.

In addition, 5 source–receptor sensitivity modelling runs were done by the CMC at the request of Health Canada, to help estimate the source term.

International Atomic Energy Agency
Standard requests:  A total of 32 requests for atmospheric transport modelling related to Fukushima were received from IAEA between 11 March and 15 April 2011.  Ten of these were for a response by the lead RSMCs only and RSMC Montreal responded to 22 requests. 
Special / private requests: These were made by the IAEA to some of the members of the WMO CG-nERA but outside of the formal IAEA – WMO RSMCs arrangements. The response was done on a voluntary basis. The requests involved additional modelling using diagnostic and sometimes prognostic meteorological data for scenarios where the release varied as a function of time and involved multiple isotopes (typically I-131 and Cs-137). The objective was to support various UN agencies trying to quantify the impact of the radioactivity released from Fukushima Daiichi NPP accident (e.g. WHO) and for media briefings by the IAEA.  

A total of 13 such requests were made by IAEA between 11 March and 15 April 2011 and RSMC Montreal responded to all of these.  At the request of the IAEA, the modelling results were provided in GIS compatible format (shapefile) in addition to the standard RSMC product formats defined in the WMO Manual on the GDPFS. 

Additional products / services: Access to the automated runs password protected web site (Annex 1) was given to the IAEA and well as other international organizations. RSMC Montreal later added a second password protected web site (images, animations and shapefile) for automatic modelling runs with the standard RSMC products defined in the Manual of the GDPFS: trajectories starting at 500, 1500 and 3000 meters, 24-hr time integrated concentrations and total deposition. See Annex 2.
Comprehensive Test Ban Treaty Organization
A total of 37 requests for source–receptor sensitivity modelling runs were answered by RSMC Montreal between 18 March and 9 September 2011, many of which undoubtedly were related to Fukushima Daiichi.  

3. Challenges and lessons learned
1. Products

· This event helped to identify the need for new products at RSMC Montreal / Canadian Meteorological Centre and lead to their development / posting on web pages in a matter of a few days (e.g. time of arrival maps and cumulative time integrated surface concentrations). 
· The need for data in GIS compatible format is clear, in addition to the product formats already defined in the Manual of the GDPFS. 
· Existing IAEA – WMO arrangements and products are well suited for the response to short lived events and for the initial phases of a long lived event. Fukushima has showed us that additional arrangements may be needed to deal with long lived events. As was shown by the IAEA special / private requests, modelling runs using diagnostic meteorological fields and more detailed / better source term information (isotopes, time varying release, etc.) become increasingly important as we move away from an initial response to the accident into defining a better picture of what actually happened. These runs are obviously very important for international organizations, but have an impact on workload (see below). 
· Some RSMCs closer to the accident received requests from NMHS in their region of responsibility for similar additional modeling runs using diagnostic wind fields or higher resolution grids. If / how / when such requests should be answered needs to be discussed.   

·  Importance of getting feedback from the users regarding products, especially new ones, so as to know whether or not to continue them.

· Importance of defining clearly the needs for existing and new products including format of data for GIS.
2. Workload

· Importance of streamlining modelling requests where possible, or using a reasonable number of requests (discussions took place at one point with IAEA about this regarding Fukushima).   

· Use of automatic runs / web posting whenever possible. This has a positive impact on reducing the workload.  

· Answering requests in diagnostic mode and for more detailed source terms takes time / manpower, resulting in workload problems as was experienced by RSMC Montreal.  
3. Other

· Some confusion initially about which NPP was affected and its coordinates
· A number of problems were raised by RSMC Montreal to the IAEA regarding ambiguous / incomplete information in the requests. The problems were quickly fixed by IAEA in subsequent requests
· Considerable work was done by the RSMCs during Fukushima to set up the posting of products on the common web pages. All RSMCs do so now. 

· The event helped to review, adjust, clarify and update information on the WMO ERA web pages.
4. Conclusion
This paper has identified a number of challenges and lessons learned by RSMC Montreal / CMC during the response to the Fukushima Daiichi NPP accident. The Meeting is invited to discuss the points raised in this paper and decide on recommendations to improve the response / products in the future. 
ANNEX 1: Automatic modelling runs produced by the CMC in support of Health Canada and other Government of Canada Agencies / Departments and posted on a password protected web page. 
A) INFORMATION PROVIDED TO USERS ON THE WEB PAGE:   
WARNING: THESE IMAGES ARE PROVIDED FOR GUIDANCE AND PLANNING PURPOSES ONLY. THEY REQUIRE EXPERT INTERPRETATION IN METEOROLOGY, ATMOSPHERIC TRANSPORT MODELLING AS WELL AS POTENTIAL IMPACT ON HEALTH. THEY ARE NOT TO BE USED AS A SUBSTITUTE TO OFFICIAL INFORMATION PROVIDED BY HEALTH CANADA, THE CANADIAN NUCLEAR SAFETY COMMISSION AND PUBLIC SAFETY CANADA.
 UPDATED 18 MARCH:  CHANGES MADE TO PRODUCTS AT THE REQUEST OF HEALTH CANADA. THEY ARE HIGHLIGHTED IN BLUE BELOW. 
 MLDP0:
 The MLDP0 outputs are produced automatically using hypothetical radioactive releases and different input parameters over two geographical domains and forecast periods. 
 Short-range modelling: 
· Domain covering Japan at 5 km grid mesh 
· Forecast duration: 72 h 
· Release duration: 24 h 
· Release quantity: 1 Bq of Cs-137 
· Starting release hours: 
· 04, 06, 08, 10, 12, 14 UTC using forecast wind fields of the GEM GLOBAL 00 UTC model run 
· 16, 18, 20, 22, 00, 02 UTC using forecast wind fields of the GEM GLOBAL 12 UTC model run 
· Maximum initial plume height: 500 m 
· Vertical distribution: uniform 
 Long-range modelling:
· Domain covering north Pacific at 50 km grid mesh 
· Forecast duration: 168 h 
· Release duration: 48 h 
· Release quantity: 1 Bq of Cs-137 
· Starting release hours: 
· 04 UTC using forecast wind fields of the GEM GLOBAL 00 UTC model run 
· 16 UTC using forecast wind fields of the GEM GLOBAL 12 UTC model run 
· Maximum initial plume height: 500 m 
· Vertical distribution: uniform 
 A few definitions: 
· CV: Average surface concentration below 500 m [Bq/m3] 
· CVI : Cumulative time-integrated surface concentration below 500 m [Bq∙h/m3] (NOTE: time unit is hour, not second)
· DW: Cumulative total deposition [Bq/m2] 
· MF: 24-h time-integrated surface concentration below 500 m [B∙s/m3] based on the WMO RSMC Standard (n: time unit is second, not hour)
· IT: Cumulative total deposition at 24-h intervals [Bq/m2] based on the WMO RSMC Standard
· TOA: Time of earliest arrival (a plume may pass over a location more than once) in hours after the start of the release
 Available products:
· Individual images for CV and full animations 
· TOA (one image per run) 
· MF and IT (a few images per run)
· Shapefile CV , CVI and DW 
 TRAJECTORIES:
The trajectories are produced automatically using hypothetical radioactive releases. The following parameters are used in these simulations:
· Forecast duration: 72 h 
· Starting release hours: 
· 04, 06, 08, 10, 12, 14 UTC using forecast wind fields of the GEM GLOBAL 00 UTC model run 
· 16, 18, 20, 22, 00, 02 UTC using forecast wind fields of the GEM GLOBAL 12 UTC model run 
B) EXAMPLE OF AUTOMATIC MODELLING RUNS POSTED ON WEB PAGE:  

Short range simulation: http://eer.cmc.ec.gc.ca/people/eer/Fukushima_examples/1800/anim.html
Note: this web link may no longer be available after a few months. 
C) EXAMPLES OF TIME OF ARRIVAL (TOA) PRODUCTS PRODUCED FROM AUTOMATIC MODELLING RUNS 
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ANNEX 2: Automatic modelling products produced by RSMC Montreal in support of the IAEA / other international organizations and posted on a password protected web site
A) INFORMATION PROVIDED TO USERS ON THE WEB PAGE:
WARNING: THESE IMAGES AND SHAPEFILES ARE PRODUCED BY RSMC MONTREAL IN ‘’WHAT IF’’ MODE FOR A HYPOTHETICAL RELEASE AND ARE FOR GUIDANCE AND PLANNING PURPOSES ONLY. THEY ARE NOT TO BE USED AS A SUSBSITUTE TO OFFICIAL PRODUCTS GENERATED BY RSMC MONTREAL WHEN IAEA MAKES A REQUEST FOR RSMC SUPPORT
 Information updated 14 April 2011 in blue.
 MLDP0 ATMOSPHERIC TRANSPORT AND DISPERSION MODEL AUTOMATIC RUNS
These modelling outputs are produced automatically using a hypothetical release and different input parameters over two geographical domains and forecast periods. 
The following images are produced:    
· MF: 24-h time-integrated surface concentration below 500 m [B∙s/m3] based on the standards defined in the WMO Manual of the GDPFS
· IT: Cumulative total deposition at 24-h intervals [Bq/m2] based on the standards defined in the WMO Manual on the GDPFS
· TOA: Time of earliest arrival of a non-zero concentration at a specific point (a plume may pass over a location more than once) in hours after the start of the release
· Each directory (0000 and 1200) also contains a shp directory with zipped shapefiles
Additional information:  
· Domain is 229 by 229 grid points with a 33 km grid spacing centered over Japan (note: in stronger flows, the plume may get cut off at the edge of the domain) 
· Forecast duration: 72 h 
· Release duration: 24 h 
· Release quantity: 1 Bq of I-131  
· Starting release times: 
· 00 UTC ‘’DAY+1’’ using forecast wind fields based on the GEM GLOBAL 12 UTC ‘’DAY’’ model run (example: data from 12 UTC on 13 April 2011 are used to start the release at 00 UTC on 14 April 2011)  
· 12 UTC ‘’DAY’’ using forecast wind fields based on the GEM GLOBAL 00 UTC ‘’DAY’’ model run (example: data from 00 UTC on 14 April 2011 are used to start the release at 12 UTC on 14 April 2011) 
· The files are updated around 1745 UTC (for the 00 UTC release) and 0545 UTC for the 12 UTC release
· Maximum initial plume height: 500 m 
· Vertical distribution: uniform
· Number of particles released: 100K
· Vertical distribution: uniform 
· Images and files are overwritten whenever a new run is produced
 AUTOMATIC TRAJECTORIES
The trajectories are produced automatically using hypothetical releases. The following parameters are used in these simulations: 
· Forecast duration: 72 h 
· Starting release hours: 
· 08, 10, 12, 14, 16, 18 UTC using forecast wind fields of the GEM GLOBAL 00 UTC model run 
· 20, 22, 00, 02, 04 06 UTC using forecast wind fields of the GEM GLOBAL 12 UTC model run 
· Starting heights of the trajectories are 500, 1500 and 3000 m (WMO standard defined in the WMO Manual on the GDPFS)
B) EXAMPLE OF PRODUCTS: 
Not shown here as they are the same as those found in http://www.wmo.int/pages/prog/www/DPS/WMOTDNO778/documents/WMO_TD778_Montreal_July2010.pdf
                                                   ---------------   END   ---------------
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